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Abstract
Large reductions in Arctic sea ice, most notably in summer, coupled with growing interest in Arctic shipping 
and resource exploitation have renewed interest in the economic potential of the Northern Sea Route (NSR). 
Two key constraints on the future viability of the NSR pertain to bathymetry and the future evolution of 
the sea ice cover. Climate model projections of future sea ice conditions throughout the rest of the century 
suggest that even under the most “aggressive” emission scenario, increases in international trade between 
Europe and Asia will be very low. The large inter-annual variability of weather and sea ice conditions in the 
route, the Russian toll imposed for transiting the NSR, together with high insurance costs and scarce loading/
unloading opportunities, limit the use of the NSR. We show that even if these obstacles are removed, the 
duration of the opening of the NSR over the course of the century is not long enough to offer a consequent 
boost to international trade at the macroeconomic level.
Introduction
An increasing body of scientific evidence (Lemke and Jacobi, 2012; Overland et al., 2014) details the extent 
of climate change in the Arctic region. The accelerating melting of the sea ice cover has received particular 
attention (Stroeve et al., 2014; Boé et al., 2009; Deser et al., 2010; Stroeve et al., 2012; Overland and Wang, 
2013). Since 2008, the Arctic Ocean along the coast of Russia and Canada has been mostly free of ice in 
September (Stroeve et al., 2014). Some international shipping companies have used this opportunity, as well 
as the fact that Russia opened the region in the far north to non-Russian vessel maritime traffic, to transport 
goods between Northern Europe and the Far East. Nevertheless, the numbers remain substantially lower 
compared with maritime trade passing through the Suez Canal (41 against 17,799 in 2011[1]) and also in 
terms of traffic volumes (1.25 compared with 740 million metric tons). However, given that on average the 
NSR is 3000 km shorter than the Suez Route and would require 10 less days of navigation than via Suez 
Canal, some experts have predicted a large potential for development in the coming years (Koranyi, 2013). 
Russia is also adapting regulations to facilitate vessels taking advantage of this opportunity. In particular, the 
number of permits issued by the Russian Northern Sea Route Administration, the route’s governing body, 
has grown from 4 in 2010 to 718[2] in 2013. China also recently set a record round trip time from Europe to 
north China through the NSR docking at Tianjin Port in October 2015 (China Daily, Monday, 26 October 
2015 EDT, China mulls routine navigation through Arctic to Europe).
Yet despite high hopes expressed by Russian authorities to open the route to increased maritime traffic 
(Klimenko, 2014), enthusiasm regarding the trade potential of the NSR remains low (Klimenko, 2014; Vidal, 
2014). Moreover, the increase in human activities in the far north will largely come from the development 
of extractive activities (Stephenson et al., 2014). Currently, a large number of commercial vessels (e.g., oil 
tankers and gas carriers with a gross tonnage of at least 10,000) are allowed to navigate the NSR without ice 
strengthening, yet they can do so only in very good weather conditions and under the assistance of icebreakers 
(Ministry of Transport of Russia, 2013). This assistance has costs in terms of fees paid to the Russian state 
to maintain the icebreaker service, and in terms of navigation time, which is increased under escort. Only 
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at the 2050 horizon may sea ice melt be significant enough to free the commercial ship from ice-breaker 
escort (Kupperman, 2014). In this paper we expand the forecast beyond 2050 to the end of this century, and 
evaluate whether the trade would increase between countries that could benefit from shorter trade distances 
using the NSR.
Discussion of approach and results
To answer this question, we combined future climate model projections of the sea ice cover from 33 climate 
models participating in the World Climate Research Programme Coupled Model Intercomparison Project 
Phase 5 (CMIP5) with economic expertise to assess the trade potential of the route over the 21st century. Our 
first task was to define the route (Text S1, Table S1, and Figure S1) and determine how many months of the 
year the route will be open for shipping in the coming decades considering two future emission scenarios, 
denoted by RCP 4.5 and RCP 8.5 (see Methods). Our focus was on the combined impact of climate change 
and distance reduction on trade; hence we have stated optimal conditions for the shipping industry. That is to 
say, when the route was considered navigable, the states bordering the route would be responsible for all the 
security-related expenses to keep the passage safe. In addition, commercial ships of any kind were assumed 
to navigate the route at normal commercial speeds. Our models show that even in these conditions, the trade 
growth resulting from the use of the NSR as a trans-Arctic route remains particularly low.
An important role of climate science in decision-making is to provide probabilistic predictions of potential 
outcomes; in this case, probabilistic predictions of navigable ice conditions in the NSR. Towards this end 
we assessed the number of months the route may be navigable on decadal time-scales from the multi-model 
ensemble mean probability of sea ice cover, sea ice thickness and a combination of both criteria within the 
Figure 1 
Probability of having ice on the 
Northern Sea Route.
Probabilities are provided as 
percentages by month and by 
decade for ice concentration 
<  15% (upper panels), ice 
thickness < 15 cm (middle panels), 
and either ice concentration 
< 15% or ice thickness < 15 cm 
(lower panels) for two future 
emission scenarios: representative 
concentration pathway (RCP) 4.5 
(left panels) and RCP 8.5 (right 
panels).
doi: 10.12952/journal.elementa.000107.f001
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Figure 2 
Projected number of months the 
Northern Sea Route would be 
opened to navigation according 
to RCP 4.5.
This projection is based on the future 
emission scenario  representative 
concentration pathway (RCP) 4.5. 
Three ice probability thresholds 
are presented: 90, 70 and 50% 
chance that the Northern Sea 
Route (NSR) is covered by < 15% 
ice concentration (upper panels), 
by sea ice < 15 cm thick (middle 
panels), and by combination 
(< 15% ice concentration or < 15 
cm ice thickness; lower panels).
doi: 10.12952/journal.elementa.000107.f002
route. The use of an ensemble mean serves to average out internal variability, leaving behind the expected ice 
conditions from external forcing; in this case, from future atmospheric greenhouse gas concentrations. The 
probability of the NSR being navigable each month is shown in Figure 1 for the RCP 4.5 and 8.5 emission 
scenarios. We additionally present our results in terms of navigable months in Figure 2 (RCP 4.5) and 
Figure 3 (RCP 8.5)[3] for three different ice probability cut-offs: 1) when there is 90% chance the NSR is 
covered by less than 15% ice cover and/or the NSR is covered by sea ice less than 15 cm thick; 2) when there 
is 70% chance the NSR is covered by less than 15% ice cover and/or the NSR is covered by sea ice less than 
15 cm thick; and finally 3) when there is 50% chance the NSR is covered by less than 15% ice cover and/or 
the NSR is covered by sea ice less than 15 cm thick. Under the RCP 4.5 emission scenario, the route is not 
navigable when we use a 90% ice probability cut-off. At best, if we consider the route open when there is 
more than a 50% chance of less than 15% ice concentration within the route or the ice thickness along the 
route is less than 15 cm thick, we find that the route will only be navigable during the month of September 
between 2010 to 2030 and up to 3 months (August, September, and October) between 2030 and 2100. In 
other words, from 2030 onwards, there are 3 months in summer that meet the 50% chance the route may have 
less than 15% ice concentration or consist of ice less than 15 cm thick. With this relaxed requirement, the 
states managing the NSR would need to have very reliable infrastructure and ice-breaker service to support 
commercial shipping as the probability of adverse sea ice conditions remains high: i.e., there is a 50% chance 
of encountering high ice concentrations or ice thicker than 15 cm.
Under the RCP 8.5 emission scenario the minimum number of months the route is navigable during 
this century is 50 months for the most restrictive cut-off (90%) using the calculation based on ice thickness. 
The maximum number of months the route is navigable is 330 months throughout the century for the most 
relaxed cut-off (50%) using either the ice thickness or ice concentration criterion. Under this scenario, only 
the month of September is ice-free for nine decades starting in 2010 (as in the RCP 4.5 emission scenario), 
whereas ice-free conditions expand to include the months of August through October for 8 decades starting 
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in 2020; the months of August through November for 4 decades starting in 2060, and the months of July 
through November for 3 decades starting in 2070. At the end of the century, a 6-month navigation period 
may be possible from July through December.
Armed with these future estimates of ice-free conditions within the NSR, we next determined the potential 
increase in international trade between Europe and Asia using a gravity model of trade (Tinbergen, 1962; 
Bergstrand, 1985; Martínez-Zarzoso, 2011). Gravity models have been widely used to investigate the role played 
by specific policy or geographical variables in bilateral trade flows and are currently a theoretically justified 
framework for modelling trade flows (Bergstrand, 1985; Anderson, 1979; Anderson and van Wincoop, 2003). 
Bilateral trade levels are usually related to the nominal incomes of the countries involved, to the bilateral trade 
cost (which includes transport cost and a number of trade impediments and trade-facilitation variables) and 
the country-specific multilateral resistance (Anderson and van Wincoop, 2003). Distance has been traditionally 
used as a proxy for transport costs and is an elementary component of the gravity model of trade since its 
origins (Tinbergen, 1962). Geographically, far-away pairs of countries trade less than proximate countries, 
with the question being how much less. Dummy variables, such as former colonies, common language, or a 
common border, are generally used as proxies for bilateral resistance or trade-facilitation factors.
Our results show that even under the most “aggressive” emission scenario (e.g., RCP 8.5), increases in 
international trade between Europe and Asia remain low despite 6 months of possible navigation during the 
last decade of this century. The increase in trade resulting from the reduction in distance was computed using 
the elasticity of trade-to-distance found in the gravity model of trade. This information, when combined 
with the number months open to navigation from the three ice cut-off scenarios allowed us to calculate the 
impact, in terms of trade, of the use of the NSR throughout the 21st century against a baseline scenario of 
trade as usual (Table 1). The longer the route is open, the more important the trade growth. However, even 
under the RCP 8.5 emission scenario, trade growth is only 7% at the end of the century. The corresponding 
annual trade growth rate would be only 0.072%.
These results suggest that use of the NSR is unlikely to significantly alter international trade patterns, 
and will not be a leading economic force in transforming the Arctic. That is not to say that the Arctic is not 
going through a period of rapid transformation. Instead, these changes are led by the growth of extractive 
industries, in particular offshore oil and gas (Brigham, 2011). The existence of important oil and gas resources 
under the seabed of the Kara Sea has been known since the late 1980s (CIA, 1988). In September 2014, the 
Russian company Rosneft announced the first successful drilling of a well in the Kara Sea with its partner 
Exxon (Rosneft, 2014). The continuation of exploration operations has been postponed because of sanctions 
targeting Russian Arctic oil projects following Russia’s actions in Ukraine (Reuter, 2015). Nonetheless, this 
event reveals that political decisions so far have a greater potential to slow down activities than climatic 
environmental concerns have. In terms of traffic in the NSR, the oil and gas industry have already been 
important players. According to the Northern Sea Route Information Office, more than 50% of the vessels 
that used the NSR in 2014 were oil tankers (http://www.arctic-lio.com/nsr_transits). As the industry expands 
and new oil and gas fields are developed, an increasing number of vessels will be used to resupply offshore 
facilities from mainland Russia and to transport these commodities to their consumption markets.
Table 1. Percentage increase in trade over the 21st century according to NSR opening scenariosa
Navigability criteria Total trade increase (%) Equivalent annual increase (%)
Ice probability threshold Ice probability threshold
90% 70% 50% 90% 70% 50%
Ice concentration
RCP 4.5 0 2 5 0.000 0.024 0.046
RCP 8.5 2 4 7 0.020 0.042 0.063
Ice thickness
RCP 4.5 0 2 5 0.000 0.016 0.045
RCP 8.5 1 3 5 0.012 0.033 0.050
Combinationb
RCP 4.5 0 3 5 0.000 0.031 0.051
RCP 8.5 2 5 7 0.022 0.046 0.072
aBased on ice concentration and ice thickness criteria, and a combination of ice concentration and thickness for RCP 4.5 and RCP 8.5 
emission pathways.
bCombination criteria is based on < 15% ice concentration or <15 cm ice thickness.
doi: 10.12952/journal.elementa.000107.t001
Melting ice, growing trade?
5Elementa: Science of the Anthropocene • 4: 000107 • doi: 10.12952/journal.elementa.000107
The Northern Route: A viable trade route?
There is significant distance savings between Europe and Asia offered by the NSR (Humpert, 2011), yet the 
lack of schedule reliability due to the difficulty in being able to predict the start and the end dates of summer 
ice conditions in the Arctic, combined with the lack of infrastructure in the hinterland could prevent the 
route from becoming popular with liner services. In contrast, for bulk dry carriers and wet carriers, the route 
may become an alternative to more traditional shipping routes in the near future. Indeed, transit statistics 
collected by the Northern Sea Route Information Office indicate that the number of voyages increased 
from 41 in 2011 (the first year transit statistics were made available) to 71 in 2013 (the year that recorded 
the highest number of transits between 2011 and 2014: see Table S2), out of which liquid and bulk carriers 
increased from 20 in 2011 to 34 in 2013. In terms of route direction, the number of vessels increased from 
11 to 41 sailing from East to West while the number of vessels from West to East stayed the same at 30 vessels. 
However, 17 of the latter were empty vessels in 2013. Note that “transit” as used by the NSR Information 
Office is defined as every ship passing one of the Russian-defined boundaries of the NSR zone (see Text S1). 
In 2013 among these passages, 43 were passages of the East and West boundaries of the NSR and only 17 
were truly trans-arctic passages; i.e., passages where the points of origin and destination were outside the 
arctic zone (http://www.arctic-lio.com/nsr_transits).
The economic potential, in terms of profits for ship owners, of using the NSR as an alternative route 
between Asia and Europe has been investigated as a function of navigable months of the NSR, Russian NSR 
fees, and bunker price (Lasserre and Pelletier, 2011). The conditions under which the NSR is competitive 
compared with the Suez Canal as a function of these variables has been evaluated under several scenarios. 
The profits under each combination of conditions are then calculated and compared for the case of non-ice 
container ships (4300 Twenty foot Equivalent Unit) using the Suez route and similar size ice-classed container 
ships (Class 1B) using either the NSR when open, and the Suez route otherwise. In this situation, the NSR 
is only competitive when the price of bunker fuel is low, the NSR is open for at least 3 months of the year, 
and the Russian NSR fees are reduced by 85% of the 2010 level. In the same way, the technical and economic 
feasibility of regular container transport along the NSR was evaluated (Liu and Kronbak, 2010). By taking 
the schedule between Shanghai and Hamburg, the relative costs of various axes in the Asia–Europe transport 
network were assessed, indicating that while shipping through the Suez Canal is still by far the least expensive 
option, the NSR and Trans-Siberian Railway appear to be roughly equivalent second-tier alternatives.
The impact of bathymetry was previously investigated and suggests that shipping companies might 
envision several trade routes in the Arctic to avoid the shallowest passages in the region (in particular, the 
Laptev and Sanikov Straits) (Stephenson et al., 2014). Nevertheless, in the coming decade ice-strengthened 
vessels (PC3 category) will still have the capacity to operate for a significantly longer period of time as sea 
ice continues to decline in the Arctic.
Most of the studies to date assessing the impact of climate change in the Arctic on economic activities 
have been interested in showing the impact of the decrease in sea ice extent on the shipping industry. This 
paper is one of the first to investigate the additional impact of distance reduction between some European 
and Asiatic countries due to melting sea ice in the Arctic on the flows of trade between these countries. There 
is only one other paper in the related literature (Bekker et al., 2015) that estimates the economic impact of 
melting sea ice. These authors used a general equilibrium model, requiring a number of strong assumptions 
concerning economic variables that could result in very uncertain predictions in the long term. Moreover, 
they assumed that by the year 2030 the NSR would be fully operational 12 months per year. Their economic 
model includes social effects and effects on pollution levels, and in this sense it is more comprehensive than 
ours. However, the gravity equation derived from the general equilibrium model was estimated using data for 
total bilateral trade for a single year (2011) in order to obtain transport cost elasticity. We have relied upon the 
results of the meta-analysis of Disdier and Head (2008), which was based on 103 different studies regarding 
this very significant element (see Methods). We also used monthly trade data for 11 years, and specifically 
used data on maritime trade, whereas the previous study used trade for all modes of transport (air, rail, road 
and maritime) to derive future trade variations. Their estimate was an average 10% increase in trade volume 
between countries in Northeast Asia and Northwest Europe (all-year navigability). This estimate is similar 
to our estimate of a 7% increase in the trade volume between Asia and Europe under RCP 8.5. However, 
our results derive from a build up over a century of incremental change in trade patterns resulting from the 
progressive melting of sea ice in the Arctic, whereas the results of Bekker et al. (2015) find their origin in a 
very dramatic setting, one in which the entire Arctic Ocean is free of ice from one year to the next.
Our results provide an upper limit of the potential increase in international trade. Indeed, we considered 
only the positive aspect of distance reduction on trade without tackling several emerging problems for 
shipping companies from using the NSR even in very good ice conditions (from the point of view of the 
transport industry). These problems include the lack of port of calls along the Russian coast and/or the 
shallowness of the route (Verny and Grigentin, 2009), both of which would dampen the positive impact of 
distance reduction on trade.
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Supplemental Table S3 summarizes the loss or gain in terms of distance and days of navigation of the 
NSR between Europe and Asia for a number of selected ports. As indicated in Table S3 the NSR, which 
extends for about 3000 miles, depending on ice conditions, presents opportunities for international trade as 
a transit route between Europe and the Asia-Pacific region. More specifically, according to Table S3, Japan, 
South Korea and China are the three countries that benefit the most in terms of distance and time reductions. 
Russia, mainly concerned by the end point traffic, was not included in our study.
Methods
Sea ice projections
Key to understanding the potential of the Northern Sea Route is to know how long ice-free summer conditions 
or very thin ice conditions will last in the next several decades. An ice-free Arctic ocean is generally considered 
to be an Arctic Ocean with less than 1 million km2 of ice cover (Stroeve et al., 2012). Nonetheless, we only 
need the NSR, as we have defined it, to be either ice-free or else covered by very thin ice. To estimate the 
probability of these conditions in the 21st century, we used simulations from models participating in the World 
Climate Research Programme Coupled Model Intercomparison Project Phase 5 (CMIP5) (See Table S4 
for a listing of the models used) and systemically estimated ice conditions within the NSR for all decades 
to the end of the century.
To be considered ice-free, all pixels, corresponding to a 25 km2 area, along the route must have had an 
ice concentration below 15%. This definition of an ice-free route is very close to the definition used by the 
World Meteorological Organization (WMO) for open water with an ice concentration below 10% (World 
Meteorological Organization, 1970). Note that regardless of the ice thickness of that remaining 15% sea ice 
concentration, we remain on very solid ground regarding navigability. We used the Transport Canada Ice 
Numeral (IN) calculation formula (Transport Canada, 1998):
IN = (Ca* IMa ) + (Cb * IMb ) + … + (Cn * IMn )
where Ca, Cb...Cn stand for the ice concentrations in tenths of ice type a, b...n, and IMa, IMb IMn the Ice 
Multiplier of ice type a, b...n. The Ice Multiplier (IM) is an integer number from 2 to –4 associated with the 
danger presented for navigation by different types of ice, with –4 being the most dangerous, and pertains to 
a specific of class of ship. We calculated the Ice Numeral for a Type E ship (Class 1D and 1E in the Lloyd 
register or Class II in the Swedish-Finish ice classes). According to the Finnish Transport Safety Agency, 
ice Class II ships are defined as “ships that have a steel hull and that are structurally fit for navigation in the 
open sea and that, despite not being strengthened for navigation in ice, are capable of navigating in very 
light ice conditions with their own propulsion machinery”; that is to say, most of the commercial open water 
fleet (Transport Safety Agency, 2010). In the worst case, where 15% of the area is covered by multiyear ice 
(IM = –4), and the rest is open water (IM = 2), the Ice Numeral for Type E ship is 11. A positive number 
means that the route is navigable.
In this work, ice thickness was defined as the average thickness of the pixel. According to Transport Canada 
(1998), conditions dominated by grey ice, defined by an ice thickness less than 15 cm, are fairly navigable 
for Type E ships. We considered the NSR navigable if all pixels along the route had an ice thickness less 
than 15 cm. Note that even if the entire area (100%) is covered by grey ice (IM = 1), the Ice Numeral for 
Type E ship is 10.
To assess future navigability, two future emission scenarios were considered: the representative concentration 
pathways (RCPs) 4.5 and 8.5. Total radiative forcing is stabilized at 4.5 W m–2 in the year 2100 for the RCP 4.5 
and assumes a certain level of moderate greenhouse gas mitigation to curb the increase of the level of human 
greenhouse gas emission. RCP 8.5 stabilizes radiative forcing at 8.5 Wm–2 and assumes no greenhouse gas 
mitigation. We processed 92 ensembles from 32 climates models for the RCP 4.5 scenario and 61 ensembles 
from 28 climates models for the RCP 8.5 scenarios. For each model ensemble member, we calculated the 
frequency of ice-free conditions (defined here as sea ice concentration less than 15%) for each decade starting 
in 2000 and ending in 2100. Frequencies were calculated on the model native grids. Where models have 
multiple ensemble members, a model ensemble mean frequency was calculated. The resulting frequency 
grids were then regridded to a common 25 km EASE grid (Brodzik and Knowles, 2002) and a multi-model 
ensemble mean was calculated. The frequency of ice thickness was treated in a similar manner. The use of 
a multi-model ensemble mean in effect averages out natural variability (assuming the models sufficiently 
capture the amount of the observed variability), leaving the expected changes due to rising greenhouse gases.
Results are expressed as the probability (in percent) that the ice concentration for each pixel composing 
the route is less than 15% over decadal time periods, or that the ice thickness is less than 15 cm, or that 
either of the two criteria is fulfilled (Figure 1). Figure 2 summarizes the number of months that the route 
can be considered navigable (we used several ice probability cut-offs from more than a 90% chance that the 
route is ice-free to more than a 50% chance of ice-free conditions) in the coming decades under the RCP 
4.5 and 8.5 emission scenarios.
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Figure 3 
Projected number of months the 
Northern Sea Route would be 
opened to navigation according 
to RCP 8.5.
This projection is based on the 
future emission scenario represent-
ative concentration pathway 
(RCP) 8.5. Three ice probability 
thresholds are  presented: 90, 70 
and 50% chance that the Northern 
Sea Route (NSR) is covered by 
< 15% ice concentration (upper 
panels), by sea ice < 15 cm thick 
(middle panels), and by combination 
(< 15% ice concentration or < 15 
cm ice thickness; lower panels).
doi: 10.12952/journal.elementa.000107.f003
September is the month that witnesses the largest reduction of ice concentration and ice thickness over 
the century. The number of models with an ensemble mean September sea ice concentration greater than 15% 
in the NSR region is shown for three decades: 2000–2009 (Figure 4), 2040–2049 (Figure 5) and 2090–2099 
(Figure 6).
The gravity model of trade
To estimate the elasticity to distance the gravity model is specified as:
  (1)
where Tradeijt represents the exports or imports from country i to country j in period t; Yit (Yjt) indicates the 
GDP of the exporter i (importer j) in period t, Ywt is the world nominal income, Pit and Pjt are country time-
specific multilateral resistance terms, and σ is the elasticity of substitution between all goods.
The bilateral trade costs are represented by tijt, which is assumed to be a log-linear function of observables 
trade costs zijt (cost directly related to transport but also to tariff, language, etc.) (Anderson and van Wincoop, 
2004):
 t ijt  = Pm = 1 (zijt)g m (2)M m
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where there are M different trade costs and g is the weight of each trade cost in the total trade cost.
In log-linear form the gravity model is:
 lnTrade ijt = lnYit +  lnYjt − lnYwt + Sm =1 (1 − σ)gm ln (z ijtm ) − (1 − σ) lnPit − (1 − σ) ln P jt (3)
Disdier and Head (2008) use the results obtained in 103 papers that estimate the elasticity of trade to distance 
((1–σ)gm=distance) to perform a meta-analysis. According to the authors the average elasticity of trade to distance, 
is –0.9. Although the measure of distance used in these papers is far from homogeneous, namely great circle 
distances, road or maritime distance, the authors do not find any significant difference in the value of the 
coefficient across the different measures. In this study, we used this measure of trade elasticity to distance 
and considered all other factors held constant. We focused on the sole impact of distance savings of the NSR 
on international trade and ignored other impediments to trade, such as the current level of infrastructure 
along the route, tolls imposed by Russian authorities to use the route or additional insurance costs. These 
M
Figure 4 
Percentage of models with 
ensemble mean September sea 
ice concentration greater than 
15% for 2000–2009.
The red line shows the Northern 
Sea Route (NSR).
doi: 10.12952/journal.elementa.000107.f004
Figure 5 
Percentage of models with 
ensemble mean September sea 
ice concentration greater than 
15% for 2040–2049.
The red line shows the Northern 
Sea Route (NSR).
doi: 10.12952/journal.elementa.000107.f005
Figure 6 
Percentage of models with 
ensemble mean September sea 
ice concentration greater than 
15% for 2090–2099.
The red line shows the Northern 
Sea Route (NSR).
doi: 10.12952/journal.elementa.000107.f006
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elements would obviously reduce the positive impact of the distance reduction. Hence, we consider that if 
the shipping companies would have the choice between two trade routes, the Northern trade route and the 
Suez route, they would use the shortest.
The main source of data is Eurostat (http://ec.europa.eu/eurostat/data/database), where we obtained 
monthly bilateral maritime exports and imports in Euros for the first decade of the 21st century (2000–2010). 
We obtained port-to-port distance for the NSR and the Suez Route data from the Port World website 
(http://www.portworld.com/map). As we are interested in transit trade, we did not include Russia in our group 
of European countries. We also did not include European and Asiatic landlocked countries. Table S5 lists the 
European and Asian countries we selected, for which distance reduction is possible through the NSR and 
comprehensive monthly trade data available over our period of study. We used the average monthly total trade 
(Export + Import) calculated over the period 2000–2010 as our baseline for our estimations of the impact of 
the NSR. Having the elasticity of distance to trade, the “gain” in terms of distance of using the shortest route 
and the current value of bilateral trade, we were able to calculate the gain in terms of trade value of using 
the NSR for the months when the route would be opened, everything else held equal. We then multiplied 
these values by the number of months the route is opened under each scenario, and compared the value to a 
baseline scenario where trade flow is held constant over the coming 10 decades of this century (columns 2, 
3 and 4 in Table 1)[4]. We finally calculated the equivalent annual increase (columns 5, 6 and 7 in Table 1)[5].
References
Anderson JE. 1979. A Theoretical Foundation for the Gravity Equation. Am Econ Rev 69(1): 106–116.
Anderson JE, van Wincoop E. 2003. Gravity with Gravitas: A Solution to the Border Puzzle. Am Econ Rev 93(1): 170–192.
Anderson JE, van Wincoop E. 2004. Trade Costs. J Econ Lit 42(3): 691–751.
Bekker E, Rojas-Romagosa H, Francois JF. 2015. Melting Ice Caps and the Economic Impact of Opening the Northern 
Sea Route. CPB Discussion Paper 307. CPB Netherlands Bureau for Economic Policy Analysis.
Bergstrand JH. 1985. The Gravity Equation in International Trade: Some Microeconomic Foundations and Empirical 
Evidence.  Rev Econ Stat 67(3): 474–481.
Boé J, Hall A, Qu X. 2009. September sea-ice cover in the Arctic Ocean projected to vanish by 2100. Nat Geosci 2(5): 341–343.
Brigham LW. 2011. Marine protection in the Arctic cannot wait. Nature 478: 157.
Brodzik MJ, Knowles KW. 2002. EASE-Grid: A Versatile Set of Equal-Area Projections and Grids, in Goodchild M, 
ed.,  Discrete Global Grids. Santa Barbara, California USA: National Center for Geographic Information & Analysis.
CIA. 1988. The Kara Sea: A Soviet Oil Resource for the Turn of the Century. Freedom of Information Act Electronic Reading 
Room. http://www.foia.cia.gov.
Deser C, Tomas R, Alexander M, Lawrence D. 2010. The Seasonal Atmospheric Response to Projected Arctic Sea Ice 
Loss in the Late Twenty-First Century. J Clim 23(2): 333–351.
Disdier AC, Head K. 2008. The Puzzling Persistence of the Distance Effect on Bilateral Trade. Rev Econ Stat 90(1): 37–48.
Eide LI, Eide A, Endresen Ø. 2010. Shipping across the Arctic Ocean: A feasible option in 2030-2050 as a result of global 
warming? Research and Innovation Position Paper. DNV.
Humpert M. 2011. The Future of the Northern Sea Route - A “Golden Waterway” or a Niche Trade Route. The Arctic 
Institute.
Klimenko E. 2014. Russia’s Evolving Arctic Strategy. SIPRI Policy Paper. Stockholm International Peace Research Institute.
Koranyi B. 2013. Ice levels, rule changes to boost Arctic northern sea route. Reuters Press Release 29 May 2013. Accessed 
04 July 2013. http://www.reuters.com/article/shipping-arctic-idUSL5N0EA0RF20130529.
Kupperman J. 2014. The Northern Sea Route: Could it be the new Suez Canal? Berkeley Political Review, December 22, 2014.
Lasserre F, Pelletier S. 2011. Polar super seaways? Maritime transport in the Arctic: An analysis of shipowners’ intentions. 
Journal of Transport Geography 19(6): 1465–1473.
Lemke P, Jacobi HW. 2012. Arctic Climate Change: The ACSYS Decade and Beyond. Dordrecht: New York, Springer.
Liu M, Kronbak J. 2010. The potential economic viability of using the Northern Sea Route (NSR) as an alternative route 
between Asia and Europe. Journal of Transport Geography 18(3): 434–444.
Martínez-Zarzoso I. 2011. The log of gravity revisited. Appl Econ 45(3): 311–327.
Ministry of Transport of Russia. 2013. Rules of navigation on the water area of the Northern Sea Route. Annex 2. January 
17, 2013.
Overland JE, Wang M. 2013. When will the summer Arctic be nearly sea ice free? Geophys Res Lett 40(10): 2097–2101.
Overland JE, Wang M, Walsh JE, Stroeve JC. 2014. Future Arctic climate changes: Adaptation and mitigation time scales. 
Earth’s Future 2(2): 68–74.
Reuter. 2015. Exclusive: Russia’s Rosneft will not resume drilling in Kara Sea in 2015. Press Release 30 January 2015. Accessed 
23 February 2015. http://www.reuters.com/article/2015/01/30/us-russia-crisis-rosneft-arctic-idUSKBN0L31D120150130.
Rosneft. 2014. Rosneft Discovered a New Hydrocarbon Field in the Kara Sea. Press Release 27 September 2014. Accessed 
21 October 2014. http://www.rosneft.com/news/pressrelease/27092014.html.
Melting ice, growing trade?
10Elementa: Science of the Anthropocene • 4: 000107 • doi: 10.12952/journal.elementa.000107
Russian Federation. 2012. Federal Law on amendements to specific legislative acts of the Russion Federation related to 
governmental regulation of merchant shipping in the water area of the Northern Sea Route. N132-03. T. R. Federation.
Smith LC. 2010. The World in 2050: Four Forces Shaping Civilization’s Northern Future. New York: Dutton, Penguin Group USA.
Smith LC, Stephenson SR. 2013. New Trans-Arctic shipping routes navigable by midcentury. P Natl Acad Sci 110(13): 
E1191–E1195.
Stephenson SR, Brigham LW, Smith LC. 2014. Marine accessibility along Russia’s Northern Sea Route. Polar Geography 
37(2). doi: 10.1080/1088937X.2013.845859.
Stroeve J, Hamilton LC, Blitz MC, Blanchard-Wrigglesworth E. 2014. Predicting September sea ice: Ensemble skill of 
the SEARCH Sea Ice Outlook 2008–2013. Geophys Res Lett 41(7): 2014GL059388.
Stroeve JC, Kattsov V, Barret A, Serreze M, Pavlova T, et al. 2012. Trends in Arctic sea ice extent from CMIP5, CMIP3 
and observations. Geophys Res Lett 39(16): L16502.
Tinbergen J. 1962. Shaping the World Economy: Suggestions for an International Economic Policy. New York: Twentieth 
Century Fund.
Transport Canada. 1998. Arctic Ice Regime Shipping System (AIRSS) Standards. TP12259E. Marine Safety – Program 
Services - AMSB. Ottawa: Transport Canada.
Transport Safety Agency. 2010. Ice Class Regulations and the Application Thereof. TRAFI/31298/03.04.01.00/2010. 
Helsinki: Transport Safety Agency.
Verny J, Grigentin C. 2009. Container shipping on the Northern Sea Route. Int J Prod Econ 122(1): 107–117.
Vidal J. 2014. Russian Arctic city hopes to cash in as melting ice opens new sea route to China. The Guardian. London.
World Meteorological Organization. 1970. Sea-ice Nomenclature. Terminology, codes and illustrated glossary. (WMO/OMM/
BMO No 259.TP.145.) 2 vols in 1. 147 p, illus. Geneva: Secretariat of the World Meteorological Organization, 1970.
Notes
1.  The number for the NSR comes from the Northern Sea Route Information Office (http://www.arctic-lio.com/). 
The office is a joint initiative of the Norwegian Centre for High North Logistics (CHNL) and ROSATOM, the 
Russian state-run company in charge of Atomic Energy production and use. The number includes not only the ships 
transiting via the NSR but also all the voyages starting or ending on the NSR. There are only 22 transit voyages and 
2 with a non-Russian starting or ending point. The number for the Suez Canal comes from the Suez Canal authority 
(http://www.suezcanal.gov.eg/).
2.   This number comes from The Northern Sea Route Administration (http://www.nsra.ru), a branch of the Russian 
Ministry of Transport. It includes all kinds of ships applying to use whole or just parts of the NSR. Applying and 
receiving a permit carries no cost, so the number of applications is an indicator of the interest in the NSR from the 
shipping industry, not a precise indicator of the shipping activity on the NSR.
3.  Only the months from July to December are presented, as our results show that for the rest of the year the route is not 
navigable during this century.
4. Elasticity of trade to distance, noted as b, where:
where nm is the number of months a particular month is navigable over the century
5. Equivalent annual percentage increase i, where i =exp [ln( 1+i100)100 ]−1 and i100 is the percentage increase over the century
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